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PHASE CONTACTING AND UQUID-SOLID PROCESSING 



iical /iocJiidJng slurry transportaboo), and 

P^ipaiert dc^ten *^P^^^ Bods. Tbcy we so presented 

I? this sectia^ 
yflnta»o'« /P*^^ ^/in 5^ It i, ^Ijp customary to 

jL^eproecBgpaw^^v" employ a variety of 

'"^(Sud&" bBcause it. special 

wide imer«t to d..ini«l »gSn«« 



tliao the othen aoi because fa th» equipment sense It eoncenis bft- 
Sd-UiSa ^SsUms more often tW U A*. Bq«id-«>Ud lu^^nj 
Tte JnUwrted reader U leletred to die m«i.y *! « 

managi.pfas on cdlold chemistry "t*""*'"'^' /'S~»^„'^^ 
Included because tbe emphasU U B«n«nJ»y !«»«»> "JfP" 
S^rSn on implementation of I«<"«lP^l.y se^of^«u^ 
tarurento aad by pioceduie. Gravity settlen. dewalbed later miWi 
Sn «e to often simultaneous floocublors sepaijion. In 
SL^^^on floccubtlon Is dl«»ed ^r^fJ^^So^. 
"FloccuUlian" It is alto considered by GtJe (In piirchas. SdOaiUq 

^Sn^TpMe e ) «nd by »e««on (Ibid., pa. 127 fi.^ Some 

marized by Port*. Flood, and ReBDler, Chem. Eng-. l** 
(1666), 



Mm 
111 



AGITATION OF lOW-VtSCOSlTY PARTIOE SUSPENSIONS 



P; ,^2. vSiJcto WdnliBto. Genn-nr. 19^2, 259. 

lof pmcess fimcUon. m cwxidd out in fl"«5.by 
^ ^^meMamples ar« (1) blcndlnS niiadble liquids; 

W prSgLat nanrfer between ^^^Stt^^,?^^^ 
Ciich«,ge nnOo; (5) suspending or dispewtag ^^^"^ 
feliquid to produce umf orroity. to proBWJlfi 

Bs partick agglomerato to. Only tbe Utter two of ^« 
pD 1Kb s«4i^!bul m-teriU CD some ^^^^^^\^^ 
1 10, 38, and ai. Stlired vessel* are emphAami m ims 
n tome mbdng operations nuiy be carried out ooa^ 
'encc oi by mechairic&l devices in pipes wtth vwy UtOe 
n irbcD the time for mixing can be short 

U1PMENT 

Siy be roughly divided into two broad classes; axtol-flow 
'iradial-Bow impollan. Tte cl«aiacatlon depends on th« 
« blade malus wtth tbe plane of impefler rotation, 
elmpellen Axial-Bow impeUer* include aU impeltert 
%UdB makes on angle of less tbanOO^ with tbe pbu^ of 
teelWts and pltched-blada turbines or paddles, as illin- 
\1B-1 and 19-2, are representative axial-How imj»u«r^ 
m oiten used for agitation id tonics smaller than 3w8 m 
than 1.8 m (6 ft) in diameter whan less than 2.2 kW 
for obtaiatii^ tbe dedxed nrooess results, 
^•laay be damped on the side of an open vesd in 
rf-center position shown in Fig. 19-10 or boiled to a 
fop th« top of ff dosed vess^ with the shaft in Ihe same 



angular, off-center poslbon. This mounting results In a strong tojHt- 

^^SSb^s^ rang« arc available: 1150 or l^^'M^j^ 
direct drWc B^O or tsO r/min with a gear drive. The Wgt^P^d 
S rTXe higher vdooitie6 and shear rates In tha^^«^"^ 
S^gTsUeam an^d a lower circulation rate Ai^^ghou^^v^se^^^ 
Srrlow-sDeed units. For suspension of soUds. H m common to use ine 
^f^i^uXwhile Ec^^pid dispersion or fast reactions the 

uHls of the drive shaft ^"-^^^i^^^t.^ 
are Eown as "hrrWnes" larger, slower-gpeed ImpeUer^ wlttt^^^ 
f^ b£dL are often caBed^^'paddles " ^Uineter of a^ 
iwmiaUy between O.a and ao of the tank diameter. Tuitmo Impel 



no. Marine-type mixing 




II 
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i5^P**^^.?l 5i™:tioo of rotation of an the fliud viscaaty 

l^fcuxnmn^ saliafa<Aory process totih rotational speed 

1 °" tffl j JSsS. Howev«f» tfa«^ iTtipelUr. severe 

:«itec nramltags have been paaci»^ r 
I d piper palp' 




-opellia. uobrnfiWi veitieal <*- 
now r-ttem with. pa,«^««*P«^'' 

center position. 

Umit»d to P;"I«"^^^S^ylto mamitilW «=™ =^ 
meed fluin to"** generMSM , 





Bottom 



propel'**" turning 
cauntardocKwiM - 

shaft 




off-center ,ap - entering 
^ for. l«op«W«T in aocul*-' off-center pcfl 

(yut baffles. 
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19^ UQUID-SOIIDSYSTHMS 





Bafftes 



Boltom view 

ftaw turbine podtocd on coirt*. 
For Reynolds mnnbe^ S^^wSSliaSf S^flTw'^ 

^i^SlSS^ut or »v«,.y u„b.U-c.d fluid 

ni»y be used. P^l^' a£ the liquid volome. 
iha «jH«ee into about o~H^ " the same power ii con- 

In tha region of 1;™™? 8?* VSS^„" « «l. and dw 

are seldom loquUed. The ^ow paMm ni«y«. na^=u^ 
Vut not ^-'-y':^^^^^Z^^^''BlS^ wdl. to 
S'^^-S: S^d ^ tin- Produ^ 

axial deflection of flow. 

RUm BEHAVIOR IN MIXING VESSaS 

^„ „ = rotational s^At'\^ ' i^S^^T-lMft^' 
- fluid don9lly.kg/m»0b/f^>."»'f, > jFoOOl Thvis vlsconty 

to the ta«k 1. ^Ij-^^"* ^^''"vTrf Bow\o b^^ 
Between Baynolds monber. of l^«0«id 'PP^^ „ ^ ^ 
nar In remote parts of the vessel, wnen na. 
iSotonlybthety^offlow^to^^^B-y™^^^^^ 











r 






r 

1 


1 








Bot torn viiw 



mM»-tratvsfer coefficients can be cotrolatftd with this dimi 

^'^lionshlp between Ruid Mollja and Process F 
mance Sever*! phenoxMna which can be used to promota vs 
proc«aiig 0blectlv« occur durln« fluid motion In a vead. 
^TsW S«« a«: developedia > Buld when * byrrirf 
moves faster or slower ihaD a nearby Uy«r of Buid m a solid ftar 
fo^^SHow. the shear rtre«U.eqa»UolWrnduci of fluid 
/^Iritv and velodty gradient or rate of abeai. Under Winar-iUiw 
OMtty ^^l^^^l^ xsam than inertial torces in tha fluid. 

tra^So^om eddies Including larg*-«ale «ddto which d«^y - 
iSSud<U« or fluctuations. The «^ of the large eddies depec<^ 
^r.^-^nt siM. On the other hand, the scale of small eddies w*^ 
ei^iri-^ through vbcou, Aear. bahn-t in 

II JTS^rAe^k .nJl The affetenc. b gieater to large bnb 

L - jTriintlaii or magnitude. 1« turbulent flow. Incitla lorco 

£^t£r^u. Fwd in ™s»%'«^^Jtr 

larger iwu 'J*^_^ .^^^ surfaoo or other ftwd movmg tn a 

such aa surface tensioa. ^ differences axe reduced . 

4. Concentration and '*°^P^f^,.S,^^of different coift 
flow or circulation ^^±^^'1^^^ motUnI t 
position or t«inp«5f>« J^i^^,^^ ditfusion 
E^hich velocity padi^teexW. vol 1. 1^ ^ 

Taylor dlffusUin (Brodkey, in ind and^^ ^ 

The turbulent arxl molecular ^^^"^'^"^Jl^y 
between these regions. In ^"^^^^'^^CtrXn- and letnpe. 
ular dlffusiDn are the meoh»nisms ot ofjncentrBui« 

^ g^Luid. « '••l^'lfl^'^^.^^^'nw'Sn^vlu'd ^ « 
^Ji^^fc^tettiS-^vS'dlBusionia^i.U.l^. 

chaxSite^tlcs are not used direcriy hi or 3^ 

further details see Cutter, Am. /w*. Ch^- 

*^^^d Velocities in Mixing E.u^ 

Tvpical data are sumiwmzcd in Uhl /^^f^XipelJ«r discharge 
i^eloclty data h«ve been u«d for j^"*^?^ the dedgn q, 
and clrciiMon i»les but are not employed din«uy i« , 
mixing equipment ^ jj j for TurbuW- 

IrrJeDcr Discbarge Hale and Flwd ™^^^^^^^ 
Fla*r When fluid vUcodty is low and Bow « ™° ^^t^des whioh=^ 

3a force oS the fluid. S^^'SSiS^^ ,i 

hin^cbange.thedirccti^^,^^^^ 



Side view , 
- I » In a hofflfld unk wttb a tnrblna potilioiwd 

RO. Typical flow jp»tti»n in a bamea wm. 



oa center. 



lon and increase the * flow ral 

Se ^irSping rate or disclu^a rate ^ p.^ 
norpeid^UT to the impeller dlschi^e "fl. ^ J^pcUer P«iP^^ 
S^db Ssaiea Iras velocllSes P^^^^^^m W-^ ^ 

velocitiw at each point In the impeller ^fS^^^T^V 
eonditiom. ■^/'^^^^^SJS^H*^' 
pumplng rate, and power lor geotneirlcaUy 
turbulent-flow conditions: 
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